INTRODUCTION
The relationship between human erythrocyte variants and resistance to malaria has been used in studying the basic biology (1) and epidemiology of malaria as well as human population genetics and the evolution of human erythrocyte variants (2) . One such variant recently shown to afford protection from malaria is elliptocytosis in Melanesia and South East Asia. This variant has also been referred to in the literature as Melanesian ovalocytosis. Studies done in Papua New Guinea show that elliptocytosis is rare in the nonmalarious highlands and common in the malarious coastal lowlands (3) , where it is found in some areas in >20% of the population (4). Baer et al. (5) first proposed that it might confer resistance to malaria. Recently, it has been shown (6) that these Melanesian elliptocytes are resistant to invasion by Plasmodium falciparum in vitro.
Epidemiological data indicates that patients with elliptocytosis in Melanesia also have a lower parasitemia and frequency of infection with other human malarias, namely P. vivax and P. malariae (7) . If Melanesian elliptocytes are relatively resistant to invasion by these parasites as well as by P. falciparum, this would indicate a defect common to the invasion pathway(s) of all of these parasites. Unfortunately, the problems in obtaining unequivocal evidence of resistance from epidemiological studies, the lack of methods for culture of P. vivax and P. malariae in vitro, and the consequent lack of knowledge concerning their receptor requirements preclude a conclusive result at the present time. However, since the primate malaria, P. knowlesi, can be cultured in vitro and since it is known to have different receptor requirements from P. falciparum (8), we have studied the attachment and invasion of Melanesia elliptocytes by this malarial parasite. Our study demonstrates that Melanesian elliptocytes are resistant to invasion by P. knowlesi as well as by P. falciparum indicating that the resistance of these elliptocytes to malaria is at the Invasion assays using P. knowlesi. Invasion assays were done as previously described (9) . Briefly, erythrocytes infected with mature schizonts, about to rupture and reinvade, were cultured at a concentration of 106/ml with the erythrocytes to be tested at a concentration of 107/ml in 0.5-ml cultures in 16-mm diam tissue culture wells (Costar Data Packaging, Cambridge, MA). After 6 h incubation at 37°C invasion rates were determined by counting the number of rings (young parasites) per 1000 erythrocytes on blood films stained with Giemsa (Fisher Scientific Co., Fair Lawn, NY).
Invasion assays using P. falciparum. These were done on the same blood samples in Brisbane, as previously described (6) . Briefly, schizont-infected erythrocytes at a concentration of 2 X 107/ml were mixed with fluorescein isothiocyanate (FITC)'-labeled test erythrocytes at a concentration of 2 X 108/ml in culture. After incubation for 16 h, thin blood films were made, fixed in methanol, and stained with 50 ug/ml propidium iodide (Sigma Chemical Co., St. Louis, MO) in 0.2 M NaCl, 0.2 M Tris/HCI, pH 8.3. The invasion rate was determined by counting the number of rings per 1,000 FITC-labeled cells.
Attachment assay. P. knowlesi merozoites were obtained and assays for attachment were performed as previously described (10) using cytochalasin B (Aldrich Chemical Co., Milwaukee, WI) to stop merozoites at the attachment step of invasion.
Enzyme treatment of Melanesian elliptocytes. Elliptocytes and normocytes at a concentration of 3 X 10' cells/ml were exposed to 1 mg of trypsin-L-1-tosylamide-2-phenylethyl-chloromethyl ketone (Millipore Corp., Bedford, MA)
for 30 min at 37°C. These cells were then washed with 100 vol of culture medium with 1 mg/ml soybean trypsin inhibitor (Sigma Chemical Co.) followed by two washes with 100 vol of culture medium. The cells were then suspended in culture medium with 10% fetal calf serum and tested for invasion. The effect of trypsin was confirmed by finding a 27±3.05% reduction in electrophoretic mobility.
RESULTS
Invasion by P. knowlesi. As shown in Table I invasion of the Melanesian elliptocytes was markedly ' Abbreviation used in this paper: FITC, fluorescein isothiocyanate. Table I , trypsin treatment had no effect on invasion by P. knowlesi merozoites.
Merozoite attachment. As shown in Table II Another possible explanation for our findings would be that Melanesian elliptocytes possess a defect in some process modulating the availability of receptors during the attachment process. It is possible that the inability of Melanesian elliptocytes to deform sufficiently to allow juxtaposition of the erythrocyte and merozoite membrane would lead to inaccessibility of the receptors to all species of malaria. Melanesian elliptocytes are resistant to deformation with heating (6) and metabolic depletion (3). However, they do not show reduced deformability as measured in polycarbonate membrane filtration experiments (Lamont et al. Unpublished results). Lateral mobility of membrane components in Melanesian elliptocytes has not been examined and it is possible that restricted lateral mobility of specific membrane components could also cause reduced binding of all species of malarial merozoites to Melanesian elliptocytes. As more knowledge of the abnormalities involved in Melanesian elliptocytes is acquired, insights might be gained into important molecular interactions necessary for invasion of erythrocytes by malarial parasites.
